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SECTION I

INTRODUCTION

High performance aerospace systems are dependent on

materials that are lighter, have improved mechanical

properties, and/or offer a cost savings. Aluminum alloys

that met these criteria were the newly developed

aluminum-lithium alloys and the second generation powder

metallurgy alloys.

In 1985, the Air Force along with the aerospace

community found it importmnt to investigate the potential of

these promising aluminum alloys. A cooperative program was

formed by the WRDC Materials Laboratory, Systems Support

Division, and a number of aerospace industries. The Air

Force would obtain the test material from the producers,

compile the test data, and submit reports to the

participants. The participants agreed to support the

program by performing mechanical property tests which

include tension, compression, bearing, shear, fracture

toughness, and fatigue related properties (S/N, da/dn). The

Air Force elected tc perform spectrum fatigue crack growth

testing on most alloys. A list of participants is shown in

the following table.

This interim report contains only the aluminum-lithium

alloys produced by Alcan: 8090-T651 1.0-inch x 4.0-inch

extrusion. Comparisons to other materials, and ranking of

materials is generally avoided since each potential

application may be biased on different evaluation criteria.



TABLE
Participants and Advanced Aluminum Alloys

in the Cooperatixe Test Program

ALUMNUM LI'MIUM ALUIiS PiN AL(LIt-JT1 ALIJJ

PEIiINEY A riC, IneotAP ALX)A KAISM A.l

C) C'-cu 7 0 *r be

* ' o "i-,

ID '0 0 0

PA}{riCIPAmrS I

AVCO, TN X

Wyman-Gordon

Boeing. WA X X x

Douglas Aircrat, CA

eneral Dynamics. CA x

Gen~eral Dynamics. TX X[ X x X xxx

Gr-umman Aerospace. NY X X x x x X

Lockheed. CA X

Lockheed, GA X ' x

MCO, TX X X X X TxX
Martin Marietta. LA X X X x x x

MDDonnell Douglas Astro, CA x

GcDonel1 Douglas Helicopter AR X

MCAIR, MO x X X X x

NASA, VA X x X

Naval Air Development Center X X x

Northrop, CA X x X X XxxX

,Akorsky. CT X

Jet Propulsion, CA x

Air Force WPAFB, CIl X x X I x X X x X



SECTION II

MATERIALS AND TESTS

The aluminum-lithium alloy tested was 8090 which is a

damage tolerant, higher strength alloy.

Basic mechanical tests including fatigue, fatigue crack

growth, spectrum fatigue, and stress corrosion tests were

performed by the participants. ASTM standards were used for

testing when applicable.



SECTION III

PRESENTATION

The purpose of this effort was to generate mechanical

property data on newly developed alaminum alloys.

Each participant compiled a data package which

contained the data they generated. Some of these data

packages contain discussions, and in other cases, only the

data were provided. The tensile, compression, bearing,

shear, and fracture toughness data from each package were

put in tabular form. Fatigue, fatigue crack growth, and

spectrum fatigue crack growth data were placed in tabular

and graphical form. Corrosion results were prepared in

tabular and written descriptions.

Constant amplitude fatigue crack growth tests were

conducted according to ASTM E647 Standard unless otherwire

specified. The A-N data supplied were reduced using a

seven-point incremental polynomial method. This involves

fitting a second-order polynomial (parabola) to sets of

seven successive data points. The most often used spectrums

were FALSTAFF and Mini-TWIST. Corrosion results were

documented almost exactly as they were received from the

participants.

4



SECTION IV

RESULTS AND DISCUSSION

This interim report contains only the aluminum-lithium

material produced by Alcan. The appendix contains the

results for a specific alloy and product form. The

following table lists the form and aluminum-lithium alloy in

the appendix.

Table

Contents of Appendix

Form Aluminum-Lithium Alloy

Extrusion 8090-T651 and 8090-T8

One group of the material was re-heat treated by the

participant from the T651 condition to a temper that would

give them the optimum properties of their interest. The

procedures used for tempering are included on the second

page of the appendix.



SECTION V

CONCLUSIONS

Five aerospace laboratories participated in generating

data on the Alcan aluminum-lithium material for the

cooperative test program. These data combined with future

interim reports on the Air Force/Industry Cooperative Test

Program on Advanced Aluminum Alloys will provide an

extensive data base on aluminum-lithium alloys.



APPENDIX

ALCAN 8090-T651 AND 5090-T8 EXTRUSION
(1.0" X 4.0")

INTRODUCTION

The Alcan 8090-T651 1-inch x 4-inch extrusion was
received the first quarter of 1986. One participant heat
treated the 8090-T651 to a T8 temper. Grum~an -T8 condition
was achieved by heating the material to 338 F for 24 hours.
The other participants tested the material in the
as-received condition (-T651).

TESTING

Basic mechanical properties (tension, compression,
bearing, etc.) were tested according to ASTM standards,
unless otherwise specified.

Constant amplitude fatigue crack growth tests were
conducted according to ASTM E647 standard. The growth rate
a-N data that were generated by the participants (Northrop,
Grumman, and Air Force) were reduced using a seven-point
incremental polynomial method. This involves fitting a
second-order polynomial (parabola) to sets of seven
successive data points. The data are also checked against
size requirements per ASTM E647, Section 7.2. NASA-Langley
performed constant amplitude fatigue crack growth tests
using K-increasing (load increasing) and K-decreasing (load
dereasing) methods.

Spectrum tests were performed by the Air Force using
FALSTAFF (a severe fatigue environment) and Mini-TWIST (a
moderately intense fatigue environment) spectrums.

7



TABLE Al

TENSILE RESULTS AT t/2 LOCT.TION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STF-ENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT LONG 72.7 62.9 5.3 13.0
76.1 64.2 5.3 6.0
77.0 65.2 6.1 9.9
76.6 65.2 5.3 9.9
74.2 62.2 5.7 8.5
76.8 64.9 5.6 7.0

MARTIN RT LONG 81.0 76.8 4.9 11.3
MARIETTA 73.1 63.5 6.2 11.3

81.1 77.2 7.9 11.2

NORTHROP RT LONG 73.7 65.6 4.0 19.6 11.8
76.4 68.5 6.0 20.8 11.6
79.9 76.5 4.0 19.4 11.7
76.6 71.1 7.0 12.0
73.1 64.8 7.0 12.5
73.9 65.5 7.0 12.5

NASA RT LONG 77.1 67.9 5.0 11.4
LANGLEY 75.8 66.6 10.0 11.3

76.4 67.5 9.0 11.4
77.0 68.0 7.5 11.4

AVERAGE 76.2 67.6 6.3 12.7 11.6

STANDARD DEVIATION 2.5 4.6 1.6 5.8 0.4



TABLE A2

TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

MARTIN -423 LONG 103.9 22.0 13.1
MARIETTA 102.9 52.7 8.0 12.9

99.8 62.0 16.0 12.3
123.6 14.0 14.4
107.0 71.3 20.0 13.4

-320 LONG 89.4 64.4 12.0 14.9
89.4 68.6 11.0 13.5
89.1 64.5 13.5

+200 LONG 68.3 65.6 16.0 11.0

69.6 63.9 14.0 11.2
69.3 66.0 18.0 12.4

+350 LONG 55.3 55.2 36.0 10.5
55.6 55.5 26.0 10.5
55.7 55.6 30.0 10.7

9



TABLE A3

TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (I" x 4")

COMPANY TEST ORIENT- ULTIMAT:: YIELD ELONG RA E
TEMP ATTON STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT L TRANS 67.4 54.7 7.8 16.0
68.2 54.0 0.0 15.9
69.6 55.0 8.6 21.8

NORTHROP RT L TRANS 68.6 58.4 7.0 19.6 11.8
68.3 58.1 7.0 20.8 11.6
68.2 58.0 7.0 19.4 11.7
68.0 58.0 8.0 12.3
67.8 57.2 8.0 12.5
68.2 58.2 9.0 12.2

MARTIN RT L TRANS 67.9 56.1 8.0 11.1
MARIETTA 68.2 56.8 9.5 11.1

68.5 56.5 9.5 11.5

NASA RT L TRANS 70.5 57.8 10.0 11.4
LANGLEY 70.1 57.7 11.0 11.4

70.8 58.3 10.0 11.4
70.7 57.8 10.0 11.4

AVERAGE 68.8 57.0 8.2 18.9 11.6

STANDARD DEVIATION 1.1 1.4 2.5 2.5 0.4

I0



TABLE A4

TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

MARTIN -423 L TRANS 86.9 62.6 8.0 12.5
MARIETTA 81.8 72.0 12.5

87.9 62.5 9.0 13.1

-320 L TRANS 78.9 60.6 5.0 13.6
79.3 60.2 S.0 13.5
77.3 60.1 13.2

+200 L TRANS 63.5 56.1 12.3 9.0
63.6 56.5 13.3 10.6
63.6 56.7 12.5 10.8

+350 L TRANS 50.7 50.6 22.0 10.4

51.4 51.2 18.0 10.0
58.5 56.3 18.0 10.0

t!



TABLE A5

TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

NORTHROP RT S TRANS 69.4 55.9 8.0 7.8 11.1
68.0 52 4 4.0 3.1 11.3
66.5 51.6 4.0 3.1 11.2

AVERAGE 68.0 53.3 5.3 4.7 11.2

STANDARD DEVIATION 1.5 2.3 2.3 2.7 0.1

12



TABLE A6

TENSILE RESULTS AT t/10 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

NORTHROP RT LONG 77.9 69.0 6.0 12.0
75.7 66.8 5.0 12.2
74.1 65.1 5.0 11.9

AVERAGE 75.9 67.0 5.3 12.0

STANDARD DEVIATION 1.9 2.0 0.6 0.2

TABLE A7

TENSILE RESULTS AT t/10 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

NORTHROP RT L TRANS 72.4 63.4 9.0 12.4
72.2 63.1 9.0 12.2
72.3 63.0 9.0 12.2

AVERAGE 72.3 63.2 9.0 12.3

STANDARD DEVIATION 0.1 0.2 0.0 0.1

13



TABLE A8

TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4") AFTER 100 HRS AT 350F

COMPANY TEST ORIENT- ULTIMATZ YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH () (%) (MSI)

(DEGREES F) (KSI) (KSI)

NORTHROP RT LONG 78.0 72.1 7.0 14.5 11.6
73.6 66.e 7.0 12.3 12.5
72.3 65.0 7.0 10.9 11.8

AVERAGE 74.6 68.0 7.0 12.6 12.0
STANDARD DEVIATION 3.0 3.7 0.0 1.8 0.5

RT L TRANS 68.1 60.4 6.0 13.8 11.5
68.2 60.4 6.0 13.8 12.3
68.1 60.5 6.0 13.8 12.9

AVERAGE 68.1 60.4 6.0 13.8 12.2
STANDARD DEVIATION 0.1 0.1 0.0 0.0 0.7

RT S TRANS 67.2 56.9 4.0 6.2 13.3
64.8 55.8 2.0 2.5 10.8
67.1 55.2 2.0 4.7 10.8

AVERAGE 66.4 56.0 2.7 4.5 11.0
STANDARD DEVIATION 1.4 0.9 1.2 1.9 0.3

14



TABLE A9

NOTCH TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- NTS NTS/TYS
TEMP ATION

(DEGREES F) (KSI)

NORTHROP RT LONG 82.7 1.2
78.1 1.1
85.0 1.2

AVERAGE 81.9 1.2
STANDARD DEVIATION 3.5 0.1

RT L TRANS 60.5 1.0
54.1 0.9
50.3 0.9

AVERAGE 55.0 0.9
STANDARD DEVIATION 5.2 0.0

]V



TABLE A10

COMPRESSION RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORILNTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)

AIR FORCE RT LONG 69.1
69.4
69.0

NORTHROP RT LONG 74.6 12.0
71.9 12.0
71.8 11.9

NASA RT LONG 67.4 11.7
LANGLEY 66.9 11.7

66.9 11.7

AVERAGE 69.7 11.8

STANDARD DEVIATION 2.6 0.2

TABLE All

COMPRESSION RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

AIR FORCE RT L TRANS 65.5
64.5
65.2

NORTHROP RT L TRANS 64.9 12.1
65.3 11.9
62.5 12.3

NASA RT L TRANS 63.2 11.8
LANGLEY 63.1 11.5

63.9 11.8
63.4 11.8

AVERAGE 64.2 11.9

STANDARD DEVIATION 1.1 0.3

16



TABLE A12

RIVET SHEAR RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

NORTHROP L - S 36.9
37.4
37.1

AVERAGE 37.1

STANDARD DEVIATION 0.3

TABLE A13

RIVET SHEAR RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

NORTHROP T - S 34.5
34.6
36.6

AVERAGE 35.2

STANDARD DEVIATION 1.2
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TABLE A14

AMSLER DOUBLE SHEAR RESULTS FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION SHEAR

STRENGTH
(KSI)

AIR FORCE L - S 36.5
34.i
34.7

NASA - LANGLEY L - S 36.7
36.7
36.4
37.0

AVERAGE 36.1

STANDARD DEVIATION 1.0

TABLE A15

AMSLER DOUBLE SHEAR RESULTS FOR

ALCAN 8090-T651 EXTRUSION (1" X 4-)

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

AIR FORCE T - S 36.5
36.6
34.6

NASA - LANGLEY T - S 35.4
35.1
35.0
34.8

AVERAGE 35.4

STANDARD DEVIATION 0.8
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TABLE A16

BEARING RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

AIR FORCE LONG 1.5 94.2 74.3
100.6 82.7
100.4 79.3

NORTHROP LONG 1.5 101.0 84.4
99.4 77.7
100.0 81.5

NASA LONG 1.5 104.5 86.1
LANGLEY 103.2 85.5

101.9 82.4
103.5 84.3

AVERAGE 100.9 81.8

STANDARD DEVIATION 2.9 3.7

TABLE A17

BEARING RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

AIR FORCE L TRANS 1.5 88.3 79.4
80.0 71.8
87.4 78.2

NORTHROP L TRANS 1.5 87.7 79.5
88.3 80.1
86.3 78.9

AVERAGE 86.3 78.0

STANDARD DEVIATION 3.2 3.1
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TABLE A18

BEARING RESULTS FOR ALCAN

8090-T651 EXTRUSION (I" X 4")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

AIR FORCE LONG 2.0 123.0
126.0
116.7 87.0

NORTHROP LONG 2.0 126.0 98.3
125.0 94.8
128.0 97.1

NASA LONG 2.0 131.4 100.0
LANGLEY 131.0 97.4

127.0 98.1
132.4 97.4

AVERAGE 126.7 96.3

STANDARD DEVIATION 4.6 4.0

TABLE A19

BEARING RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

AIR FORCE L TRANS 2.0 116.0 98.0
115.1 90.3
104.7 86.6

NORTHROP L TRANS 2.0 116.0 98.3
115.0 98.3

AVERAGE 113.4 94.3

STANDARD DEVIATION 4.9 5.5
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TABLE A20

FRACTURE TOUGHNESS RESULTS FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in^0.5)

AIR FORCE L - T 25.2 INVALID(l)
25.8 VALID

27.8 INVALID(1,2)

NORTHROP L - T 26.2 (3)

28.3 (3)
28.4 (3)

NASA L - T 25.3 INVALID(1,2)
LANGLEY 28.1 INVALID(1,2)

27.4 INVALID(1,2)
28.9 INVALID(1,2)

AVERAGE 27.2 27.1

STANDARD DEVIATION 1.4 1.5

(1): Pmax/Pq was greater than 1.10

(2): The difference between the two surface crack length measurements
exceed 10% of the average crack length.

(3): Fractured parallel to load line
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TABLE A21

FRACTURE TOUGHNESS RESULTS FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION KIC Kq COMMENT

AIR FORCE T - L 16.1 VALID
16.3 VALID
15.9 VALID

NORTHROP T - L 15.1 VALID
14.9 VALID
15.3 VALID

NASA T -L 5.4 INVALID(1,2)
LANGLEY 6.8 INVALID(1,3)

17.1 INVALID(1)
17.9 INVALID(l)

AVERAGE 15.6 11.8

STANDARD DEVIATION 0.6

(1): Kmax > 0.6 Kq
(2): Pmax /Pq = 3.6
(3): Pmax /Pq =2.6
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TABLE A22

STRESS CORROSION CRACKING RESULTS FOR

ALCAN 8090-T651 EXTRUSION (1" X 4-)

COMPANY ORIENTATION STRESS APPLIED % OF T-L KIC COMMENT
(KSI in^0.5) (KSI in^0.5)

AIR FORCE T-L 12.0 75.0 DID NOT FAIL
14.0 87.0 DID NOT FAIL

NOTE: TESTING DISCONTINUED AFTER SPECIMEN WAS LOADED
TO 87% OF T-L KIC AND DID NOT FAIL AFTER 2000 HRS.
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TABLE A23

FATIGUE RESULTS WITH R=0.1 AND Kt=1.0 FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION STRESS CYCLES
(KSI)

NORTHROP LONG 80.0 98

70.0 18,793
60.0 28,082
50.0 57,511
45.0 362,662
42.5 642,818
40.0 4,000,000 *

37.5 5,000,000 *

NASA - LANGLEY LONG 60.0 29,100

50.0 43,000
45.0 55,600
40.0 549,000
38.0 2,472,100
36.0 10,557,700
36.0 139,300
36.0 317,600
30.0 12,900,000

(*): INDICATES RUN-OUT TEST
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TABLE A24

FATIGUE RESULTS WITH R=0.1 AND Kt=3.0 FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION STRESS CYCLES
(KSI)

NORTHROP LONG 55.0 4,413
50.0 6,373
40.0 13,431
35.0 35,620

30.0 115,117
27.5 210,968
27.5 150,596
25.0 5,000,000

NASA - LANGLEY LONG 35.0 20,400
30.0 47,600
25.0 462,400
23.0 1,785,300
22.0 1,169,200
22.0 725,500
22.0 12,300,000 *

21.0 10,908,100 *

20.0 10,045,000 *

(*): INDICATES RUN-OUT TEST

NOTE: NASA-LANGLEY SPECIMENS HAD A Ktg=3.01 AND A Ktn=2.88
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TABLE A25

TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T8 (338F FOR 24 HRS] EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATF YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

GRUMMAN RT LONG 80.9 78.0 3.5 4.8 12.3
80.1 77.5 4.0 5.9 11.6
80.9 76.8 4.0 7.5 11.2

AVERAGE 80.6 77.4 3.8 6.1 11.7

STANDARD DEVIATION 0.5 0.6 0.3 1.4 0.6

GRUMMAN RT 45 67.9 57.3 10.0 32.8 10.1
67.6 57.6 10.0 30.4 11.4
67.1 56.2 10.0 31.2 11.2

AVERAGE 67.5 57.0 10.0 31.5 10.9

STANDARD DEVIATION 0.4 0.7 0.0 1.2 0.7

GRUMMAN RT L TRANS 71.9 64.0 7.5 13.4 11.8
70.8 62.7 7.0 18.9 11.3
70.5 61.6 7.0 19.4 11.1

AVERAGE 71.1 62.8 7.2 17.2 11.4

STANDARD DEVIATION 0.7 1.2 0.3 3.3 0.4
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TABLE A26

COMPRESSION RESULTS FOR ALCAN

8090-T8 [338F FOR 24 HRS] EXTRUSION (1" x 4")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)

GRUMMAN RT LONG 78.4 12.1
77.7 12.1
68.6 12.0

AVERAGE 74.9 12.1

STANDARD DEVIATION 5.5 0.1

GRUMMAN RT 45 60.3 11.8
60.3 11.8
60.1 11.7

AVERAGE 60.2 11.8

STANDARD DEVIATION 0.1 0.1

GRUMMAN RT L TRANS 67.9 11.9
67.4 12.1
67.4 12.1

AVERAGE 67.6 12.0

STANDARD DEVIATION 0.3 0.1
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TABLE A27

FRACTURE TOUGHNESS RESULTS FOR ALCAN

8090-T8 (338F FOR 24 HRS) EXTRUSION (1" x 4")

COMPANY ORIENTATION FIC Kq COMMENT
(KST in^0.5) (KSI in"O.5)

GRUMMAN L - T 33.3 -INVALID(l),(2)
27.6 INVALID(2),(3)

AVERAGE 30.5

STANDARD DEVIATION 4.0

GRUMMAN T - L 14.6 VALID

AVERAGE 14.6

STANDARD DEVIATION 0.0

(1) 1.08 greater than B

(2) Angle of fracture greater than 5 degrees

(3) Pmax/Pq greater than 1.10
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Figure A3. Fatigue Crack Growth Rate Data for Alcan 8090-T8 I" x 4" Extrusion
(L-T Orientation). Grumman.
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Table A28

Fatigue Crack Growth Rate Data Associated
with Figure A3

Seven Point Incremental Polynomial Method per ASTM E647

00-00-1980

Specimen Numbers LT-1 Specimen Types CT

B- 0.2560 in W- 2.4950 in An- 0.0000

Pmax- 480.0 lb. Pwrin- 0.0 lbs

R- 0.00 Frequency. 8.00 hz.

Test Temperaturem 70 F Environment- 90%RH

PT CYCLES Ameas Areq MCC Delta K da/dN

1 0.00 0.5980
2 25.00 0.6130
3 50.00 0.6280
4 100.00 0.6430 0.6465 0.992786 5.99 .3852E-06
5 125.00 0.6580 0.6536 0.989967 6.04 .3635E-06
6 175.00 0.6690 0.6688 0.983831 8.14 .4107E-06
7 200.00 0.6780 0.6765 0.990650 6.19 .4544E-06
8 250.00 0.6980 0.7015 0.997999 6.35 .6158E-06

9 300.00 0.7380 0.7373 0.998490 6.60 .8390E-06
10 325.00 0.7630 0.7615 0.989195 6.76 .7990E-06

11 350.00 0.7830 0.7840 0.992244 6.92 .8977E-06
12 375.00 0.8130 0.8041 0.990920 7.07 .9396E-06

13 425.00 0.8430 0.8499 0.976600 7.41 .1297E-05
14 450.00 0.8830 0.8814 0.983424 7.65 .1594E-05

15 487.50 0.9330 0.9484 0.988987 8.20 .2224E-05

16 500.00 0.9930 0.9779 0.987482 8.46 .2342E-05
17 512.50 1.0080 1.0082 0.983903 8.73 .2414E-05

18 525.00 1.0430 1.0447 0.988006 9.08 .2546E-05
19 537.50 1.0730 1.0713 0.997122 9.35 .2380E-05
20 550.00 1.1030 1.1054 0.998239 9.71 .2380E-05
21 562.50 1.1350 1.1321 0.992729 10.01 .2137E-05

22 575.00 1.1660 1.1624 0.993274 10.36 .2491E-05
23 587.50 1.1830 1.1929 0.994186 10.73 .2626E-05

24 600.00 1.2330 1.2260 0.995332 11.17 .278aE-05
25 612.50 1.2610 1.2635 0.994958 11.70 .2931E-05
26 625.00 1.3030 1.2984 0.983871 12.27 .3549E-05
27 637.50 1.3430 1.3388 0.987280 12.89 .4348E-05
28 650.00 1.3780 1.3961 0.989989 13.95 .5650E-05
29 662.50 1.4730 1.4727 0.994114 15.61 .7767E-05
30 666.00 1.5110 1.4985 0.986456 16.25 .7511E-05

31 669.00 1.5250 1.5268 0.997082 17.00 .6931E-05
32 672.00 1.5510 1.5492 0.995583 17.64 .6758E-05

33 677.00 1.5780 1.5770 0.993047 18.49 .6631E-05
34 680.00 1.5960 1.5968 0.9928A 19.14 .7Zt2-05
35 683.00 1.613(.1 1.6171 0.993428 19.84 .8873E-05
36 686.00 1.6460 1.6435 0.996741 20.87 .1156E-04
37 688.00 1.6630 1.6679 0.996796 21.82 .108E-u4
38 690.0u 1.6980 1.6974 0.996613 23.12 .144-E-u4
39 692.00 1.7330 1.7284 0.996695 24.62 .1587E-04
40 694.00 1.7610 1.7620 0.99,6-1 26.45 .18c2E-04

41 696.00 L.793, 1.7991 0.985648 28.75 .2511E-04
42 697.00 1.8160 1.9218 0.993901 30.71 . 3269E-04
43 698.00 1.8530 1.8547 0.999340 32.84 .4133E-04
44 698.80 1.8910 1.8898 0.998392 35.95 .4729E-04
45 699.40 1,9230 1.9207 0.995375 39.09 .4570E-04

46 699.80 1.9430
47 700.20 1.9&.)
48 700.60 1.1710

* - DATA VIOLATE7 SIZE REQUIREMENTS
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Table A29

Fatigue Crack Crowth Rate Data Associated

with Figure A3

Seven Point Incremental Polynomial Method per ASTM E647

00-00-1980

Specimen Number, LT-2 Specimen Type. CT

0- 0.2540 in W- 2.5030 in An- 0.0000

Pmaxw 860.0 lbs Pmin- 430.0 lbs

R= 0.50 Frequency- 10.00 hz.

Test Temperature- 70 F Environment= 90%RH

PT CYCLES Ameas Areg MCC Delta K da/dN

1 0.00 0.5880
2 50.00 0.6050
3 100.00 0.6230
4 150.00 0.6500 0.6486 0.994447 5.40 .4139E-06
5 175.00 0.6630 0.6595 0.995871 5.46 .4296E-06
6 225.00 0.6800 0.6820 0.995346 5.60 .4103E-06
7 275.00 0.6980 0.7006 0.995525 5.71 .3684E-06
8 325.00 0.7230 0.7169 0.991691 5.81 .3714E-06
9 375.00 0.7330 0.7327 0.980207 5.90 .4443E-06
10 425.00 0.7500 0.7546 0.987226 6.04 .5169E-06
11 475.00 0.7780 0.7809 0.988072 6.20 .6013E-06
12 525.00 0.8250 0.8155 0.999223 6.43 .7565E-06

13 550.00 0.8350 0.8360 0.989073 6.56 .8486E-06
14 575.00 0.8480 0.8571 0.987310 6.71 .9852E-06
15 600.00 0.8830 0.8787 0.997161 6.6 .1110E-05
16 625.00 0.9100 0.9109 0.998400 7.09 .1741E-05
17 650.00 0.9480 0.9479 0.9993., 7.37 .1556E-05
18 675.00 0.9880 0.9870 0.999463 7.67 .1767E-05
19 700.00 1.0330 1.0337 0.998417 8. ob .2105E-05

20 725.00 1.0850 1.0688 0.997831 8.56 .2672E-05
21 737.50 1.1200 1.1218 Q.998699 8.88 .3144E-05
22 750.00 1.16'0 1.1617 0.9998:,l 9.29 .64E-05
23 762.50 1.2100 1.2107 0.999723 9.84 .4200E-05
24 770.00 1.245v 1.2431 0.999107 10.23 .4697E-)5
25 778.00 1.2630 1.2822 0.998981 I.74 .2,.3E-05
26 786.00 1.3200 1.3238 0.997747 11.33 .6050E-05
27 794.00 1.3750 1.3742 0.998760 12.12 .7137E-05
28 798.00 1.4000 1.4031 O.990ezS 12.62 .7646E-05
29 802.00 1.4400 1.4361 0.998728 13.23 .8776E-05
30 806.00 1.4700 1.4720 0.998515 13.95 .9445E-05

31 810.00 1.5100 1.5118 0.998265 14.84 .1048E-04
32 814.00 1.5580 1.5543 0.998819 15.90 .1194E-04
33 816.00 1.5750 1.5793 0.998547 16.59 .1264E-04
34 818.00 1.6050 1.6056 0.996442 17.36 .1445E-04
35 819.00 1.6200 1.6186 0.998317 17.77 .1631E-04
36 820.00 1.6330 1.6365 0.996747 18.35 .1682E-4
37 821.00 1.6550 1.6522 0.991442 18.90 .1921E-04
38 822.00 1.6750 1.6714 0.991259 19.60 .2290E-04
39 823.00 1.6880 1.6961 0.990776 20.56 .2606E-04
40 824.00 1.7250 1.7231 0.989739 21.71 .2875E-04

41 824.60 1.7480 1,7418 0.989447 22.57 .2988E-04
42 825.20 1.7600 1.7624 0.995519 23.58 .3169E-04 *
43 825.80 1.7780 1.7782 0.994257 24.40 .3369E-04 *
44 826.40 1.7980 1.7976 0.998909 25.49 .3747E-04 *
45 827.00 1.8200
46 e27.60 1.8530
47 827.90 1.8650

• - DATA VIOLATES SIZE REQUIREMENIS
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Figure A4. Fatigue Crack Growth Rate Data for Alcan 8090-TS I" x 4" Extrusion
(T-L Orientation). Grumman.
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Table A30

Fatigue Crack Growth Rate Data Associated

with Figure A4

Seven Point Incremental Polynomial Method per ASTM E647

00-00-1Q80

Specimen Number: TL-1 Specimen Type: CT

B= 0.2550 in W= 2.5070 in An= 0.0000

Pmax= 550.0 Ibs Pmln= 0.0 lbs

R
= 

0.00 Frequency
= 

8.00 hz.

Test Temperature= 70 F Environment= 90%RH

PT CYCLES Ameas Areg MCC Delta K da/dN
---------------------------------------------------------

1 0.00 0.6080

2 25 00 0.6510

3 50.00 0.7080
4 62.50 0.7530 0.7527 0.999068 7.66 .3437E-05
5 75.00 0.8030 0.7983 0.998952 8.03 .3907E-05
6 83.00 0,8310 0.8314 0.997178 8.31 .4417E-05
7 91.00 0.8630 0.8662 0.997815 8.61 .4915E-05
8 99.00 0.9030 0.9058 0.995832 8.96 .5276E-05
9 107.00 0.9560 0.9513 0.995779 9.40 .5717E-05

10 111.00 0.9810 0.9761 0.996393 9.64 .5758E-05
11 115.00 0.9930 0.9994 0.992221 9.88 .6240E-05
12 119.00 1.0230 1.0214 0.990427 10.11 tt0uE-05
13 123.00 1.0460 1.0475 0.997810 10.40 .7420E-05
14 127.00 1.0830 1.0808 0,998724 10.78 890CE-05
15 13 .00 1.1130 1.1134 0.9v9 7Y7 11.17 .1C,3E-C'4
16 135.00 1.1580 1.1547 0.994956 11.71 .1241E-04
17 139.00 1.1980 1.2055 0.997596 12.42 .1549E-04
18 143.00 1.2710 1.2745 0.995119 13.51 .213'7k-04
19 145.00 1.3180 1.3190 0.997238 14.29 .2781E-04
20 146.00 1.3380
21 147.00 1.3810
22 148.00 1.4180

* - DATA VIOLATES SIZE REQUIREMENTS
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Table A31

Fatigue Crack Growth Rate Data Associated

with Figure A4

Seven Point Incremental Polynomial Method per ASIM E647

00-00-1980

Specimen Number: TL-2 Specimen Type: CT

B- 0.2550 in W= 2.5110 in An- 0.0000

Pmax- 600.0 lbs Pmin= 300.0 lbs

R- 0.50 Frequency= 10.00 hz.

Test Temperature- 70 F Environment- 90%RH

PT CYCLES Ameas Areg MCC Delta K da/dN

1 0.00 0.5880
2 25.00 0.6030

3 75.00 0.6160
4 125.00 0.6260 0.6295 0.988706 3.66 .3427E-06
5 175.00 0.6460 0.6465 0.995210 3.73 .3640E-06
6 200.00 0.6580 0.6561 0.95579 3.77 .3834E-06
7 225.00 0.6680 0.6670 0.998161 3.81 .4163E-06
8 275.00 0.6860 0.6877 0.998106 3.90 .4291E-06
9 300.00 0.6980 0.6979 0.998922 3.94 .4562E-06
10 325.00 0.7110 0.7097 0.998759 3.99 .4773E-06
11 350.00 0.7210 0.7219 0.997145 4.04 .5300E-06
12 375.00 0.7360 0.7355 0.997345 4.10 .5571E-06
13 400.00 0.7480 0.7491 0.996883 4.16 .6243E-06
14 425.00 0.7680 0.7666 0.994725 4.23 .6629E-06
15 450.00 0.7810 0.7831 0.994470 4.30 .7257E-06
16 475.00 0.8060 0.8022 0.995387 4.39 .7900E-06
17 500.00 0.8180 0.8222 0.996129 4.48 .8329E-06
18 525.00 0.8460 0.8440 0.996755 4.58 .9147E-06
19 550.00 0.8680 0.8660 0.997543 4.68 .1010E-05
20 575.00 0.8910 0.8939 0.998083 4.82 .1124E-05
21 600.00 0.9210 0.9210 0.998491 4.96 .1261E-05
22 625.00 0.9580 0.9538 0.997981 5.13 .1485E-05
23 650.00 0.9880 0.9930 0.997847 5.34 .1766E-05
24 675.00 1.0380 1.0395 0.998241 5.61 .2189E-05
25 687.50 1.0680 1.0663 0.999737 5.77 .2505E-05
26 700.00 1.0980 1.0989 0.996707 5.98 .3025E-05
27 712.50 1.1360 1.1344 0.996212 6.22 .3703E-05
28 725.00 1.1780 1.1820 0.996408 6.57 .4e42E-05
29 737.50 1.2430
30 746.00 1.3030
31 750.00 1.3430

a - DATA VIOLATES SIZE REQUIREMENTS
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Table A32

Fatigue Crack Growth Rate Data Associated
with Figure AS

Sevecn Point Incremental Polynomial Method Der ASTM E647

01-12-1990

Specimen Numbers 14-129 Specimen' Type: CT

P- 0.2510 in W- 3.00'40 in An- 0. X0 ,

Pmax. 540.0 lbs P...n- 54.0 lbs

R- 0.10 Frequency- 10.00 hz.

Test Temperature- 75 F En-i.or-ant= 95/.RH

PT CYCLES Ameas Areq MCC Delta ac.

1 0).00 0. 6641)
2 109. 70 v. 682-0
7 -,t5. 00 0. 7 1 70
4 780. 00 (0.7Z90 0. 7403 0.999781 5.45 .24(I'5E-06:
5 48,0.90) 0.7665 0.7657 0. 99979S -59 2621)E-06
6 589.00 1). 7 950 0.7953 0.999788 5.72 .2769E -06
7 689. 00 0.8240 0. 8240 0.999316 5.87 . 98bE-f:6
8 767. 00 0. e,80 0. 8462 0. 99924 5. Q9 I7'1E-C'6
9 85..00f 0.8715 0.8741 0. 999,,18B 6.1-, .4 7oE-06
10 927. 10 0.9015 .. 17 (0. 908q50 6.28 .367-E-C06
11 1000.90 0.970o 0.9294 0.9987-5 6.41 .4j67E-t"6
12 10.57.00 t.9575 0. 9516 0.998,,46 6.56 .441IE ''6
13 1,1140.:..) 0.9865 ().99 10C u.9c978,i9 6.78 .5 16::E "06
14 1 180.00 1.0125 1 .0115I ,. 99e81 6. -1' T545E-
15 1221 .0) 1.0750 1.0749 0. 998:87 7.04 .5915E -06
18 1258. 5:- 1. 0610 1 .''9 or a0.9 q6S2 7.19 .6-41E--'&6
17 1306.00 1.06B95 1. 08215 0. 1; 9-74) 7.78 .6677E -)b
le 1 4 4. o, 1. 1150 1. 1140 0:. q- 7 7.:-
19 1792.0 1. 148:' 1.10 A. 997;74t 7.77 .8726E ", 6
20 14'.00 1.1795 1.1141) 0. 9q-?r e.(01 .8477E-'6
21 145!,. 00 .2, 1.2:,.79 0J.99096 ;7 8.18 .8098E-'
22 1484.70 1.2:75 1.2744 0.996142 8.77 8"E'
23 15,21 .0',) 1 .2610( 1.2610) 0.994721 8.57 E7180
24 1562. 00 1.287-, 1. 2645 1). Qq6497 8.76 6b17EE-1-,(
25 1599.040 1. 3.61:' 1 .3:431 -,.9 8.-2 .6:75E-6
26 1679. 01:) 1. 72780- 1.7268 0.9q81145 9. 1,-, 768 1E-!
27 169(d.(1' 1.75,90) 1.7694 (.981-1- 6 9.47 .119 1E-i
28 1712-.00)( 1.78E85 1.7q49 0. 99( 621 9.71 .1646E-5
29 1771)'. ()( 1.4255 1.425-2 C.999619 9.99 .2149E-S
70 17 4(..00 1.4490. 1.4477 (). 99947 11).22 .:74 _-
,1 1748. 00: 1.4685 1.4679 0,.999651 10.42 Zi:L'

32 1755. 00 1.485'' , 1. 48E58 Q.9q96-,' 10.6 -. 6

7'! 1763 .3'5) 1 .5075 1. 51:'79 1.999112 10C. 8e, -914E

351777.50 1.55,-.5 1.55-28 0.999-:6 11.78 . 498.E
36 1782.1') 1.57,.5 1.56,92 0.9992 11.58 .77,4E-t1
37 1788.2-,'1 i. 5q7,-, 1. !;2 0.907191 11 I4~
38~ 1797-.4'.' 1.61-5 1.61-9 C.qQ8l87 12.16 .45Q9-E-
39 1798. 40 1.6-6) 1.6771 0.999495 12. 483 .5C7 E (

40. 182.5') 1.6581) 1.6588 0. 999?422 12.79 551 1E
41 18.6.6, 1. 685'f) 1. 6871 0. 9995)05 17.16, . 96,E-'
42 110 -4 1.7,161.' 1.7,67 (". qog,7 17.5 I .65&E6I!
43 18E14. I'o 1. 7310- 1.7-:16 (1.999644 17.97 .6176E .1
44 1817.10 1.75:,5 1.7488 0.99q494 14.Z5 bT,7E-f
45, 1820!.90) 1.7725 1.7721 0.99841! 14.67 .64q7- EI
46 182,4. 40 1 .7q 7"- 1.7-4,- 0. 99P . . 6846- u
47 1827. 8.' 1.8E165 1.9517Z -3', 46 8S 15.55! .75c7

7
E-

48 1870. 90 1.84:S 1.8 417- 0.99,l') ( 16.16 . E88AE-
49 1873.7':' 1.865') 1.8673 0.998978 16.65 .9811E 0,'
5" 1875. 40 1 .884''1 1.8849 (,. 9qC1(7 17. 016 .1,,l :E--'4
51 1837.7') 1.9081(0 1.9,"47 0.997516 17.55 .1(:'9ZE-C04

521879.80 1.9-75 1.9736 0'.997-67 18.7'. . 1191E-04
53 1841.8t., 1.qS75 1.9574 0.99',869 18.97 .1:47E-0,4
54 1843. 70 1. 97e,, 1.9777 0'.995-77 19. 56 .1754E -'4
5*5 1844.7': 1.9915, 1.9944 0.997171 2,'.09 .99-'
56 1844.80 2. (114.' 2. 0.'2 9 9.9''6 4 2'. .73 .219 1E - 114
57 11346.50. -. 1"477, 64:-, 0.9947'6 "1.71 .7:E-('4
58 1941.50 2. 06 .:7 6 C 'o.9"5&47 2.8 .77861- -4
59 18F3489. 5" -- 1 2.11154 0.995913 24.67 .4696E-(14
8'"' 1849.' . '1 -5

62 1e5 1. C10 2.266')

*-DATA VIOLATES SIZE REQUIREMENTS
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Figure A6. Fatigue Crack Growth Rate Data for Alcan 8090-T651 I" x 4"
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Table A33

Fatigue Crack Growth Rate Data Associated

with Figure A6

Seven Point Incremental Polynomial Method per ASTM E647

01-12-1990

Specimen Numbert 14-T29 Soecimen Type- CT

0- 0.2540 in W- 3.0060 In An- 0.0000

Pmax- 280.0 Ibs Pmin- 28.0 ibs

RP 0.10 Frequency- 10.00 hz.

Test Temperature- 73 F Environment- 95%RH

PT Y..CLES Ameas Areg MCC W.ita K da/dN

1 0.00 0.7620
2 1500.00 0.7805
3 1800.00 0.8010
4 2100.00 0.9250 0.8270 0.998548 3.00 .8111E-n7
5 2320.00 0.8440 0.8440 0.999677 3.06 .3727E-07
6 2570.00 0.8665 0.8666 0.999425 3.12 .94e2E-!7
7 2790.00 0.8890 0.8877 0.999370 3.18 .1

0
18E-06

8 3000.00 0.9075 0.9.96 0.999445 3.24 .1091E-06
9 3190.00 0.9315 0.9309 0.999540 3.30 .1161E-06

10 3370.00 0.9530 0.€524 0.999578 3.36 .1230E-06
11 3520.00 0.9715 0.9717 0.999795 3.42 .1707E-06
12 3800.00 1. 0090 1. 0094 0.999760 3. 53 .1383E-06
13 3940.00 1.0290 1.0297 0.999439 3.59 .1387E-06
14 41'00.00 1.0540 1.0520 0.998855 3.66 .1448E-06
t5 4250.00 1. , , .'3777 O.P13 7.72 15CP4E-(,6
16 4450.00 1. 1005 1. 1037 0.98E;'8 -. 92 .1599E-06
17 4600.00 1.1290 1.1275 0.999415 3.90 .1707E-06
18 4740.00 1.1535 1.1525 0.999416 3.99 .1826E-C)6
19 4860.00 1.1745 1.1755 0.999423 4.07 .1957,E-06
20 5000.00 1.2030 1.2029 0.999714 4.17 .2047E-06
21 5110.00 1.2255 1.2261 0.9996_1 4.25 .21715E-06
22 5200.00 1.2475 1.2462 0.999676 4.3 .2168E-06
23 5,00.00 1.2680 1.268') 0.999786 4.4:: .2244E-06

24 5770.00 1.284() 1.2827 0.997279 4.47 .2777E-06
25 5480.00 1.3075 1. 3)78 0.99690-16 4.52 .2747E-06
26 558). 00 1. 3340 1.Z758 0. 998c06 4.70 -3" 34E-(06
2' 5660.00 1.3630 1."3641 0.998-70 4.82 .426E-(6
28 5720.00 1.3910 1..9(5 0.998571 4.95 .5150E-06
29 5780.00 1.4195 1.423 0.99676' 5. 10 .6-1E-(,6
70 5820.00 1.4495 1.4492 0.99Q200 5,24 .7397F-'
31 5840.00 1.465

r
, 1.4636 0. 9q9t517 5.2-,I .8018F- '

32 5880.00 1.4970 1.49G83 0.997557 5.50 .976E-Ot
33 5910.00 1.5270 1.5276 0.998473 5.67 .1197E-05

34 5930.00 1.5495 1.5525 O.996977 5.82 .140E-05
35 5945.00 1.5'45 1.579 0.999667 5.95 .1608E-.5
36 5958.00 1.5960 1.5955 0.999620 6.10 .1814E-05
37 5970.00 1.6180 1.6188 0.P99647 6,25 .1982E-05
18 5982.00 1.6425 1.6431 0.999761 6.43 . 2148E-05
39 5992.o71 I.6670 1.665 0.999665 6.,59 2333E-05
40 6003.0 1.6910 1.6921 0.999658 6.8") 2510E-05

41 6012.00 1.7145 1.7151 0.99960e 6.99 .2684E-05
42 6021.00 1.7410 1.7395 0.999766 7.2 .2885E-05

4. 603 .00 1.7655 .76&5 0.99965" 7.45 7IS;'E- 05
44 6038.00 1.7920 1.7920 '.. 7 'Z"....7. .348QE-05
45 6045.00 1.8165 I.E168 0.iV9912 7.95 .1195E-5
46 6051.00 1.84(.0 1.841,7 0.99982 8.21 4)6.E-05
47 6058.00 1.8715 1.8701 0.999278 8.54 .4510E-05
48 6064. 00 1.8980 1.8980 O. 799026 8.89 .501 1E-05
49 6068.00 1.9155 1.9182 0.999119 9.15 .54";2E-05
50 6072.00 1.9410 1.9796 0.999480 9.44 .6020E-05
51 6076.00 1.9650 1.9635 0. 998179 9.79 .'027E-05
52 606).00 1.9015 1.9933 0. Q98601 10.25 .8129E-05
53 6084.00 2.02501 2.0270 0.999438 10.82 .9346F-05
54 6088. (0 2.07(,5 2.0663 C.094527 21.55 .1193E-C4
55 6("91 .00 2. 10 10 2. 105 0.99 -0 12.32 . 1541E-04
56 6093.50 2.1:15 2.1421 0.976278 13.21 .2296E-04
57 6095.50 2.181'
58 6097.00 2. 2'I5
59 6098.50 2.3o25

a - DATA VIOLATES SIZE REOUIREMENTS
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Figure A7. Fatigue Crack Growth Rate Data for Alcan 8090-T651
1" x 4" Extrusion (L-T Orientation). U.S. Air Force.
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Figure A12. Fatigue Crack Growth Rate Data for Alcan 8090-T651
1" x 4" Extrusion (T-L Orientation). U.S. Air Force.
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10-4. FATIGUE CRACK GROWTH RATES
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Figure A13. Fatigue Crack Growth Rate Data for Alcan 8090-T651

1" x 4" Extrusion (L-T Orientation). NASA-Langley.
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10 - 4 FATIGUE CRACK GROWTH RATES
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Figure A14. Fatigue Crack Growth Rate Data for Alcan 8090-T651
1" x 4" Extrusion (I-T Orientatiou . NASA-langlev.
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Figure A15. Fatigue Crack Growth Rate Data for Alcan 8090-T651
I" x 4" Extrusion (T-1, Orientation). NASA-Langley.
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10-3 FATIGUE CRACK GROWTH RATES
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Figure A16. Fatigue Crack crowth Rate Data for Alcan 9090-T651 I" x 4"
Extrusion (T-, Orientatiun). NASA-Langley.
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Figure A17. Fatigue Crack Growth Rate Data for Alcan 8090-T651

1' x 4" Extrusion (T-L Orientation). NASA-Langley.
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